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(54) Millimeter-wave LTCC package ' 

(57) A ; iii>a*etuMe : 'i'6 : micrb'strlp-' 'trahsiflbW (124) 
formed irl a'rfafekyer sub'strafe (208)' Is drscfo'sad. The 
waveguide 'lornftfoWTp trartsilibri ("24) .ra/ be incor- 
porated into a hermetically sealed package Including a 
metal base (202)y a muMayer circuit' (208); a'mefal .Ing 
(206), and s rre,°l cover (204) The n,m ia/er t rcu't 
.C^iiacatla-dstjfusfcciecTciaver'CSO) a s« ai o 
iielectr c layer (222), end - f.rsi cC-viuUr.e 'aver t'2 1 S) 
disposed between the bottom side of the first dielectric 
layer -(23'0)"and *e , fep''slde''of1he'secdh'd ; atelec1ric' '■ 
layer (222). The' multi-layer circuit (208) includes a' 
waveguide (234). Art efectiomaghetlcally reflective 
material (236) co'ats'thewallsbf'the v waveguide'(234) to ' 
allow signals to propagate by. reflection through" the';' 



' waveguide (234) tdWard the'flrst dielectric layer (230)v* 
Piated through via's (126) are located In cf least the' first ' 
dielectric layer (230): The pia'oci ihrc-gl: vlas (128) are'- 
arranged to fcrm an approximate outline around the 
land region oi the first d.'sie irfric l^yer (230), The tfat&S ■ 
brough v'as ^,2o) f ma Waveguide extension f the 
waveguide (234) that guides signals' through the- first' 
dielectrib iayer; 'A rnfcro'sfr!p'(112)'is located'' ori the top 
side of the'' first' dielectric' layer (230). The mlcfosfrip 
(112) connects lo an E-plaheprobe (113) located'' over' 
the waveguide (234) and inside' the waveguide extort-/' 
sion. 
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Description ' Jems is a waveguide-lo microstrip, transition whitih 'prp- 
vides low loss signal coupling between the micrb'strip 

BACKGROUND OF THE INVENTION and the waveguide'.- ■ • 

[P.0Q6] One patent related to coupling signals between 
[0001] The present Invention relates to an apparatus ' s- waveguides' and ■mlbrd'sfrips is U.S. Pal. No, 4,453,142 

for coupling a signal traveling In a waveguide onto a to Ear! R. Murphy entitled Microstrip to Waveguide Tran- 

mlorostrip. More specifically, the invention Velates'-to the sition. Murphy discloses a microstrip to Waveguide fran- 

construction of a waveguide to microstrip transition as a sltlon for use In the millimeter-wave'ffeqoericy'Var^ge: 

directly fabricated and hermetically sealed packaging Murphy's waveguide consists of a.solid metal rectangu- 

structure, which may also connectthe microstrip to irrte- jo lar waveguide that is attached' to a substrate. Aiab of 

grated circuits operating at millimeter-wave or micro- the substrate carrying the microstrip. abends, into *e 

wave frequencies. waveguide. 

10002] • Both waveguides and microstrlps are devices [0007] The solid metal waveguide used In Murphy Is 

that transport electromagnetic energy (hereafter ''slg-.. rigidly connected to the base t; fpr.e?amp|e by bolting.. A 

nate") from point to point.; A. waveguide is . generally is wall of. the, wavegujde. Is pierced; ^tp.prowde. anippening' 

implemented as a conduit with an Inner electromagnet!.-, . for the microstrip, the base, waveguide, and. microstrip • 

cally reflecting surface. Signals introduced into. the. ffrte-. are assembled to provide .a.. waveguide. }q microstrip 

ylor of the waveguide propagate along the Interior of the transition. Because the microstrip extends-, through a. 

J waveguide by reflecting back and forth between the • ■ metallic wall of the waveguide, the microstrip Is necked 
walls of the waveguide. Waveguides are generally circu- . so to help minimize shunt capacitance between the mloro- 

lar or rectangular In cross-sectlorv and provide to low strip and the waveguide. Murphy, however, does not 

less transmission of the signals. " •■ • ■ ■ address the difficulties associated.-with :: -formln9 :: a' 

[0003] Waveguides have a critical wavelength for pas- waveguide 1o rricrostrip transition in a'slngle, easy to' : 

sage of signals within, related to the w'atfeguide geome- manufacture Integrated circuit package, 

try. Signals with wavelengths greater than the critical ss [0008] Other prior waveguide to microstrip designs 

wavelength are unable to propagate in the waveguide. use microstrip, stripline, and coaxial Interfaces ib c'bh- 

Thus, the structure of the waveguide intrinsically serves struct input/output ports to the -nifiSDi^ ; Vw1ito !, %eWf ' 

to fitter out. undeslred.signals. It Is often necessary, for interfaces .serve, to provide low, loss, transmission of. the . 

example in satellite applications, to process the signal internal signal to the eternal cqnracl ns o rer a wide 

with Integrated circuitry. However, a complication so range of frequencies; acceptable' pe^drmarice of these 

Involved, In ..constructing., way.eguides.cprmgcted. to lnte- interfaces requires.complic.ated.a^ tirne consuming clr- 

grated rjrculb) is that the w iveguldfc sjti uctur.e ton J 1 ; to cuit tuning unsuitable for laroe vo'qv.g misMCumg 

be lajj- ii r*k or o the ni*eg a,^ circuitry Thus, 'n Fi r'hs norr, p 3 cjS aopnariPo emp] y ng multi- .' 

h* oa^t , et o 3 , es 3i_rec ddrVcrai fa'rcaiion la ei Lc v Jan w a*ur* Co fired. G'erarrfc (JZCi mo 

«d it ouir vdUi 0 t nd jiff Kf 0 '^ar * urates to tri I 1 ri irefer ^avt, jirt 'rat 

reliability when used in conjunction with' integrated cir- f»UiCi pdOaging aoptoaLns l-ave t> ep Limited by the 

cuitry, Including rnicrostrlps. '.,.'. ', ' .' . .', ,',..! '.:'. Input/output frequency (microwave) mtsrftteo. The con- 

P'C-j A ni rosirip sadu (orau~j"n*^ o'auadcn io-JH ^u-ss i crqst 'p an if pi is stn 0 

, top of a dielectric material. The dfe'HCtrio material In U'es to lamcn m!cr«wa/e ontc the suostrate. The • 

'turn, is.' supported by a '.conducting, pfee/ typically 10 conventional, ; interface yields'. poor electrical "perform: 

grounded.. A. microstrip can, (^.'fabricated diractly' In an ance at milllmeter-waVe fre^ueno!'a&,b'e'ca.u'seof'para- ' 

integrated 'circuit process lay depositing a 'tMi'conduct- sltlc Inductance and, capacitance' and' other high 

ing strip on the surface of the substrate. An entire set of frequency effects, thereby limiting . usefulness' to. fre- ' 

integrated circuit electronics, including a microstrip, quenciss below jtfj.GHz.'.., 

often occupies far less geometric volume than the cor- « [0009] A need remains for an improved transition 

responding waveguide structure. Microstrips are suita- structure from waveguide to microstrip on multi-layer 

ble for use as a, high bandwidth;- miniaturized, cost substrate, which' .ovwcprnes., the -.disadvantages dis- 

effective signal transmission line";'. Because .of -.'these' ■ .. .cussed above arid previous^ - ; 

advantages, microstrip lines are used in a great number. •. 

of commercial microwave and mlllim'efer-Waye applied:'- so '' BRIEF SUMMARY QF T-HE INVENTION 

Hons. '■ ."■ -. .,::'■;., 

{0005] Many commercial and military' satellite' sy&- • [0fl10J ' : -Therefore; It is an:. object of the present ihven- 

tems, for example, use rnicrostrips coupled-'to • tidh topTovide'a-'w'ave^ 

waveguides in different portions of the system. ' For grated with a multi-layer LTCC substrate package. 

example, a satellite antenna may guide an uplink beam ss r.001 1] : It Is another object of Ihe present invention to 

through a waveguide, then to a downconverter con- provide a .wayegdide to microstrip transition in an inte- 

nected to a microstrip for processing. Thus, a key factor grated circuit package which oan be easily fabricated. 

in the operation of commercial and military satellite sys- [0012J It is a-further object of the present invention to 
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provide a wavegulde-to microstrip transition which can 
be inexpensively fabricated. 

[0013] Another object of the present Invention is to 
provide complete support for the microstrip in a 
waveguide- to microstrip transition so that operating or 
Insertion slresses.do not cause malfunctions. . . . 
[0014] Another object of the pfesent invention is to 
provide a waveguide to microstn> transition that Is her- 
metically, sealed so that when the transition-Is integrated 
in a millimeter-wave package where the integrated cir- 
cuits reside,, particulate matter ; does not Interact unfavo- 
rably with-the Integrated circuits. •. : 
[0015] Another ••object of the- present invention Is to 
provides waveguide tomlcrostrlp transition that isatf ac- 
tive at mllllmeter-wave and microwave frequencies, . ■ is 
[001 6] The waveguida to. mlorostrlp transition of the 
present Invention includes a multi-layer substrate.. The 
multi-layer substrate has a first dielectric layer, a second 
dielectric: layer, and a first- conductive layer disposed 
between the bottom side of the f irst dielectric layer and so 
the top side of the second. dielectric layer. Thefirst con- 
ductive layer Is selectively patterned, such- that conduc- 
tive material.is.removed.underneath the microstrip. on 
the first dielectric layer.. • . .. 

[0017] The multi-layer substrate includes a waveguide 2s 
formed by removing material from the seoond dielectric, 
layer and.- selectively patterning the. first conductive . 
layer, The removed materia;! forms walls defining- the 
waveguide.-.-The waveguide may. be extended through . 
third, fourth, fifth; or addftlonaldielactric and-conduciive so 
layers. An. slectrotnagnetically- reflective material coats 
the walls of the-waveguide to allow signals to propagate - . 
by reflection- through the .waveguide towardthe first die- 
lectric layer. Optionally, -the.-refleotive material may be 
omitted and-the waveguide formed by.a series of-plated ss 
via holes. through themuW-layer substrate,: \ • 
[0018] A conductive coating Is. placed on iha-top side, 
of the first dielectric layer, but the conductive, coating 
need not cover the entire first dielectric layer. Bather, 
the conductive coating. Is selectively patterned, to form <to 
an opening, (an absence of conductive coating) and a 
conductive probe. over the. waveguide on the first dielec- 
tric layer, The conductive coating may also be patterned 
to provide regions fonplacemerrtof integrated circuit sig- 
nal processing devices and to provide.conductive areas 4s 
connecting to a- metal ring frame to form side walls of a 
complete package as-well as a waveguide cavity, : . 
[001S] Metallic plated through vias (or vias filled com- 
pletely with metal) are looated In at least thefirst dielec- 
tric layer. The plated, through vias are arranged to form so 
an approxlmate-.outjine around- the land region on the 
first dielectric layer. Theplated through vias form part ol 
the waveguide, structure that guides signals through the 
first dielectric layer, . . 

[0020] A microstrip Is located on the top side of the ss 
first dielectric layer. The top metal of the microstrip par- 
tially extends Into the -land region and is therefore 
located over the waveguide and Inside the via outline. 



Signals Iravel through the waveguide, through the first 
dielectric layer (guided by the vias), and onto the micro- 
strip. . . 

[0021] ' The waveguide to microstrip transition and 
5 associated multi-layer packaging of the present Inven- 
tion are suitable for use with microwave and millimeter- 
wava frequencies- (approximately- 80-100 -GHis)'- with- 
very low- insertion loss. ■The-multi'layerpaokagirlffctffers 
routing of DC ard: irtcrowave/m}lllmetepwava'signaJs 
10 through the layers-lnBide iha-package thereby-'minimiz:- • 
ing the size of-the package. As a result,' applications (for 
example, phased-array antennas operating With millim- 
eter-waves) which require large numbers of- DC and RF- 
control signal paths can readily make use of the low 
cost, high performance multi-layer package and associ- 
ated waveguide to microstrip transition provided by the 
present invention. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0022] 

Figure 1 is. a schematic top. view of a multi-layer 
integrated circuit- package with a- waveguide to - - 
microstrip transition. 

Figure 2 Is a- schematic side view, laken.along line 
A-A', of the multi-layer Integrated circuit package.-. 
shcwrjlrtFigure.l;.,--. 

Fjgure.i is,a schematic, side.view. taken.along,!in.e. 
B-B- 1 , of the multi-layer integrated circuit -package • . 
shown- in Figure -1.. . 

Figure. 4. shows- an exploded view, of the oornpo-. 
nentsttat may- be used to form a complete hermet- 
ically-sealed package with waveguldei to. microstrip 

•transitions.-.- '•.•■• 

[0025]. Turning ncwtoFigurel.aviewof a multi-layer- ■ 
integrated, circuit-package 100 is.shown displaying, the 
top side 102 of one dielectric layer in the.package 100.- . 
The top side 102 is coated In a conductive coating 104,- . 
for example, a precious metal.. The conductive coating ■ 
104 Is selectively patterned to form a land- region 106 on. . • 
the top layer of the paokage 100. As used in this speci- 
fication, the term "land region" indicates an area-devoid 
of conductive coating. A second land-region 108-and- 
actiitionaHand regions (not. shown) may also'-be-formed-. 
by selective patterning to provide regions- In whicha mil- • 
llmeter-wave monollthlo.lntegrated cirou)t-110-{MMIC), • - 
or other- signal processing-. circuit may- be/placed. -For 
example,-thBMMIG1,10.-mayprovidethefunct(onallty of • 
an amplifier, attenuator, switch, or f ilter.-. - 
[0024] A microstrip 1-12-is formed on- the top side 102. 
The microstrip. 112 oonnects the -land region 106 and 
the second land region 108. A -bonding-, wire. or ribbon 
1 14 may be used to attach the microstrip-toinput/output 
pads of the MMIC 1 10. In addition, the geometry of the 
microstrip 112 near the MMIC may be altered by an 
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Impedance matching shape 116 In order to match the 
impedance of the microstrip 112 to the. impedance of 
MMIC through the bonding wire 1 1 4, Additional bonding 
wires 1 18 may conned input/output ports of the MMIC 
110 Jo a second impedance matching shape 120 on s 
another microstrip, 122 for. connection to. additional 
processing circuits (not. shown). DC bias (or other sig- 
nals) may, then.be connected from : the vias 12a tp. the 
MMIC 1 10-by bond wires. 130. Tha.package.1Q0..-further 
includes an, Integrated, waveguloeto microstrip .trans!- 10 
tion 1 24 (hereafter ?(ransition 124"). As.willbeexplained 
in more, detail below, vias ..i26.are placed..,aroiind. the . 
transition 124 to form ,a.r». extension, to ..a waveguide 
structure. Note also thata probe .1 13 (a.Trshaped.probe, 
or in general, an : E-plane. probe} may extend from the 15 
microstrip 112 into.the transition 124 to help couple sig- 
nals onto the microstrip 112, The probe 113 may.be 
formed as a metal shape in the transition 124 under 
which there Is no ground .plane. 

[0025] One aspect of the package 100 Is Illustrated in 20 
Figure 2. Figure 2 shows a side view, taken along line A- 
-A\ of the multi-layer Integrated circuit package 100 
shown In Figure 1- Still referring to Figure 2, the pack- 
age 1 00 Includes a metal base 202,. a metal cover 204, 
a ring frame 206, and a mutti-layer integrated circuit 208 ss 
(hereafter "circuit 208"). 

[0026] The ciroult-208 includes conductive layers 210- 
220 (which may be filled; for .example, with conductive 
metal) separated by dielectric layers 222-230. Note that 
any conductive- layer may be selectlvely- patterned' to so 
provide. DC bias and signal -routing, In a preferred 
embodiment, the circuit 208 Is formed from dielectric 
layers createdfrom Low.Temperature Co-fired Ceramic 
(LTCC). Vias 232 are introduced -into the- circuit 208 to 
provide signal routing (Including millimeter-wave signal, 35 
DC power, ground, and data) between the conductive 
layers 21 0-220 of the circuit 208. The package 1 00 also 
includes a waveguide structure which will be explained 
in more detail below with reference to Figure 3 .(which 
I llustratas a side view of the transition- 1 24 taken along 4o 
line B-B- of Figure 1). 

[0027] . In Figure 3, the waveguide structure 234 may 
be created directly as part- of the circuit 208 fabrication 
process. The circuit 208 thereby remains hermetically 
sealed, and easy to manufacture. The waveguide struc- as 
ture 234- may be created, tor example, by. punching out 
the dielectric layers 222-226 and soreen. patterning. the 
conductive layers 210-216 at appropriate locations, co- 
firing the dielectric layers 222»22&, and then depositing 
a electromagnetically reflective coating- 236. over the so 
surface of the- punched' out region to provide signal 
reflection in the waveguide structure 234. The 
waveguide structure 234 continues through an opening • 
238 In trie-metal base 202 to reception or transmission 
structure, tor example, a feedhorn (not shown).- In an bs 
alternate embodiment, a series of plated .vies extends 
through the dielectric layers 222-226 surrounding the 
waveguide structure 234, In addition to or as a substi- 



tute for the reflective coating 236 on the inside of the 
waveguide structure 234. 

[0028] At least one dielectric layer of the -dielectric lay- 
ers 222-230 remains in the 'path of the. waveguide and 
provides support forthe microstrip 112. Signals move 
along the waveguide 234 and may, for example, pass 
through the dielectric layers 228-280. The signal does 
not move through the. dielectric layers 228-230 In an 
unconstrained:- fashion,-, however. Rather,- the vias 126 
form a waveguide extension to the waveguide structure 
234, To this endythe-vias 126 are- plated, through with- 
metal, and in a preferred embodiment, the vias 126 are 
completely- filled, with metal, contact the rnetat ring 206, 
and are connected to.ground. Ae a result, signals pass 
through the waveguide 234,. dielectric layers 228-230, 
and Into the transition 124i. In one embodiment of the 
present invention. the vias range In diameter from .010" 
to .018". ..• 

[0029] The transition 1 24 couples the signal onto the 
microstrip 112. The signal that passes through the 
waveguide 234 and dielectric layers 228-230 Is- 
reflected by the metal ring 206. which.-is capped by the 
metal cover 204. The metalcover 204thereby acts as a 
back short for the waveguide structure 234. As a result, 
the signal is confined in the transition 124 and is-cou- 
pled omothe microstrip 112. • • ■ ■ . 

[0030] Still. with reference to- Figure 3, the microstrip 
1 12 is shown in place' on the top side -102 of the dielec- 
tric layer 230' and Is fully. supported, by the dielectric - 
layer 230. Portions- of the conductive, layer 218, how- 
ever, areremcvediabove-the-waveguide structure 234, 
belowthemicfostrlp 112 andbelow the. mloroGtrip 122. 
The conductive layer 216 may.,formthe : groundplanefor 
the mlcrostfips -1-12 and 122;-.-Trius,- signals may travel 
up the waveguide structure 234, through the dielectric' • 
layers 228 and 230, and into- the- transition 124. The 
number ot dielectric layers, may be adjusted depending 
on the frequency of operation. The metal cover 204 and 
the mBial ring 206 force, the signal to.- be contained 
inside the transition 124. Because, the microstrip 112 
extends Into thefransition 124 and Is exposed to the sig- 
nal In the transition 124, the- signal couples onto the 
microstrip 1 12 and may be processed by MMIC 1 1 0. 
[0031] The MMIC 110 (and other processing circuitry 
in general), typically generates heat while operating,- 
Therefore, a heat sink may be provided in the circuit 208 
to protect the MMIC 1 10. Aheat sink-may be- used, for 
example, to draw-heat away from the MMIC 1-10 and 
thereby prevent the-MMIC 110 from- malfunctioning. 
One structure that may be used to implement a heat 
sink is a- via structure 304 located underneath the MMIC 
110. The via structure 304 uses a densely packed area 
of plated through or metal filled vies to create an area 
with a high concentration of metal. Because metal typi- 
cally provides a high thermal conductivity path, the via 
structure 304 serves io draw heat away from the MMIC 
1 10 to areas of the oircult 208 that effectively dissipate 
heat, for example, the metal base 202. 
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[0032] The metal bass 202, circuit 208, and metal ring 
206 are shown in Figure 4 constituting parts of a circuit 
■module 402. The circuit 208 is placed between the 
metal base 202 and -the metal ring 206. A metal cover 
(not shown) Is connected to the top of the metal ring s 
206, for example by laser welding, to form one embodi- 
ment of a complete circuit module 402, Including the 
backshort for the waveguide cavities. In one embodi- 
ment of the circuit module 402, the meta| base 202 is 
•formed from copper-tungsten, and the metal ring 206 is w 
formed as a brazed metal ring that .has a coefficient of 
thermal expansion compatible with the LTCC circuit 
208. The metal base 202, circuit 208, metal ring 206, 
and metal cover 204 preferably form a hermetically 
sealed package. DC biasing to MMIC 110 can come 1$ 
through the hales 404 in the metal base 202, through 
vlas 232 in the circuit 208, and, for example, to the pat- 
terned conductive layer 220. DC bias (or other signals) 
may then be connected from the vlas 128 to the MMIC 
1 10 by bond wires 130. Alternatively, -the DC bias can 20 
also be connected to external supplies through any of 
the patterned conductive layers 210-220 from side of 
the package 208. 

[0033] While particular elements, embodiments and 
applications of the present Invention have been shown 25 
and described, ii will be understood, of course, that the 
invention Is not limited thereto since modifications may 
be made by those skilled in the art, particularly In light of 
the foregoing instruction. It is therefore contemplated by 
the appended claims to cover such modifications and so 
incorporate those features which come within the spirit 
and scope of the invention. 

Claims 

35 

1. A waveguide to mlcrostrip transition comprising: 

a multi-layer substrate comprising: 
first dielectric layer having a top side and a bot- 
tom side; « 
a second dielectric layer having a top side and 
a bottom side; and 

a first conductive layer disposed between said 
bottom side of said first dielectric layer and said 
lop side of said second dielectric layer; 45 
said second dielectric layer having material 
removed and said first conductive layer selec- 
tively patterned to form a waveguide; 

a conductive coating on said top side of 50 
said first dielectric layer, said conductive 
coating selectively patterned to form a land 
region located over said waveguide; 
a waveguide extension located in at least 
said first dielectric layer; ss 
an E-plane probe located in said land 
region; and 

a mlcrostrlp-located on said top side of 



said first dielectric layer, said mlcrostrip 
connected to said E-plane probe. 

2. The waveguide to microstrip transition of claim 1, 
wherein said waveguide extension or. boundary 
comprises a plurality of plated through vias; and/or 



said, waveguide further comprising afcleast one 
additional dielectric layer and at |eas!.Qne. acjcll- 
tionat conductive.' layers and -wherein said 
waveguide continues through said at- least one 
additional dielectric layer.andsaid at least one 
additional conductive. layer.- 

The waveguide to microstrip transition of claim 2, 
wherein said plurality of plated.through vlas approx- 
imates an outline around said land region; and/or 

wherein said plurality of plated through vias 
approximates an outline around said walls defining 
said waveguide; and/or- 

wherein said plurality of plated through vlas 
are filled with -metal; and/or . 

wherein said plurality of plated- through vias 
are connected to aground reference; and/or.- . 

wherein said first dielectric layer and said 
second dielectric layer comprise, low temperature 
co-fired ceramics.. ■ 

A circuit module comprising: 

a multi-layer substrate comprising:- . ■ 
a first. dielectric layer having a top- side and a,- 
bottom side; ... ■ 

a second dielectric layer having a top side and 
abottomside; and. . 

a t Irst conductive layer.dfeposed between said 
bottom slde of said f lrst.dielectric. layer and said 
top side of said second dielectric layer, 
said second dielectric layer having material 
removed and said first conductive layer selec-. 
tive patterned to form a waveguide; . • 
a conductive coating on said top side of said 
first dielectric layer, said conductive coating 
selectively patterned to form a land region 
■located over said waveguide; 
a waveguide extension located in said-first die- 
lectric layer; 

an E-plane probe located In said land region; 
a mlcrostrip located on said top side of said first 
dielectric layer, said microstrip connected to 
said E-plane probe; and 
a metal base supporting said multi-layer sub- 
strate, said metal ba6e having material 
removed to form a waveguide opening below 
said walls defining said waveguide; 
a metal ring supported by said multi-layer sub- 
strate, said metal ring having material removed 
to form a transition region around said micros- 
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trip; and 

a metal cover on top of said metal ring, 

5. The circuit module of claim 4, wherein said metal 
base, said metal ring, said metal cover, and said s 
multi-layer substrate comprise a hermetically . 
sealed package; and/or 

wherein said metal base comprises, a cop- 
per-tungsten alloy; and/qr 

wherein said metal ring is connected to to 
ground; and/or 

wherein said . waveguide extension com- 
prises a plurality of plated through- vias; and/or. 

said circuit module further comprising at least is 
one additional dielectric layer and at least one 
additional conductive layer, and wherein said 
waveguide continues through said at least one 
additional dielectric layer and said at least one . 



6. The circuit module of clalm-5, wherein said plurality 
of plated through vias approximates an outline 
around said land region and preferably 

further comprising at least one processing cir- 
cuit connected to 6aid microstrlp; and/or • . 
wherein said at least one processing circuit 
comprises a MMIC, 

30 

7. The circuit module of claim 4, further comprising a 
heat sink located In proximity to said at least one 
processing circuit, 

and preferably wherein said heat sink compris- 35 
ing a plurality- of plated through viae located 
underneath said processing circuit. 

8. The circuit module of claim 4, wherein said 

O waveguide boundary comprises a plurality of plated <o 
through vias. 

9. The circuit module of claim a, ■ 

wherein said plurality of plated through vias prefer- 
ably approximates an outline around said walls *s 
defining said waveguide, 




additional conductive layer. 
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